Summary It is well known that imbalances in the dietary electrolytes are associated with a significantly higher incidence of cardiovascular disease (CVD). On the other hand, a prolonged heart rate corrected-QT (QTc) interval is associated with an increased risk of cardiac autonomic nervous system dysfunction, the incidence of CVD and sudden cardiac death. This study was designed to clarify the association between the nutritional status and the QTc interval in elderly subjects. The subjects included 119 elderly subjects (46 males and 73 females, age; 72.964.8 y) without a history of CVD, who were taking cardioactive drugs. Resting 12-lead electrocardiography was performed, while the QTc interval was calculated according to Bazett's formula. The nutritional status was assessed using a brief self-administered diet history questionnaire. The subjects were divided into three categories, which were defined as equally trisected distributions of the body mass index (BMI). The QTc interval was significantly longer in both the low and high BMI groups than in the moderate BMI group in both genders (p,0.05, respectively). A stepwise multiple regression analysis showed the QTc interval to be independently associated with the potassium intake in the low BMI group and the sodium intake in the high BMI group in both genders (p,0.05, respectively). These results suggest that the body mass, especially lean body mass and overweight, were associated with a prolonged QTc interval and dietary electrolytes in elderly subjects. Based on our results, we consider that it is necessary to perform dietary counseling, especially focusing on sodium and potassium intake, depending on the body mass.
It is well known that dietary high sodium intake and low potassium intake are associated with a significantly higher incidence of cardiovascular disease (CVD) and mortality (1) (2) (3) . Conversely, a reduction of dietary sodium intake and an increase in potassium intake can decrease the incidence of CVD and mortality (4, 5) . On the other hand, a prolonged heart rate corrected-QT (QTc) interval, as measured with a standard electrocardiogram (ECG), is associated with an increased risk of arrhythmias, sudden cardiac death, coronary artery disease, left ventricular hypertrophy and cardiac autonomic nervous system dysfunction (6) (7) (8) (9) (10) . The QTc interval is longer in females than in males and is influenced by age, sex hormones and electrolyte imbalance (7, 11, 12) . Previous studies have reported that morbid obesity is also correlated with a prolonged QTc interval, while weight loss could improve the QTc in obese subjects (13) (14) (15) (16) . On the other hand, it is well known that eating disorders are also related to a significantly higher incidence of CVD, several complications and mortality through a prolonged QTc interval (17, 18) . These results suggest that both weight gain and extreme weight loss may be independent risk factors for the incidence of CVD and sudden cardiac death. However, the association between the nutritional status and the QTc interval is still unknown.
This study was designed to clarify the association between the nutritional status and the QTc interval in
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Rate Corrected-QT Interval in Elderly Subjects 1, 7 , Hiroaki Tanaka 1, 7 , Akira Kiyonaga 1, 7 ; The Nakagawa Study Group elderly subjects. The hypothesis was that dietary electrolyte levels, such as high sodium and low potassium intake may be a sensitive factor for predicting the future incidence of sudden cardiac death and CVD associated with a prolonged QTc interval. Malnutrition in the elderly is now widely regarded as an important problem affecting the incidence of CVD, several complications and sudden cardiac death (19) . As mentioned above, a prolonged QTc interval is a good predictor of CVD and cardiac sudden death in elderly subjects. Therefore, in this study, we focused on elderly subjects, because identifying the link between the nutritional status and the QTc interval may be useful for detecting early-stage CVD and preventing sudden cardiac death in elderly subjects. Those taking cardioactive drugs such as b-blockers and -blockers or patients with a history of cerebrovascular disease, coronary artery disease, LVH, cardiac valve disease, signs of dementia or diabetic complication (diabetic neuropathy, diabetic nephropathy and diabetic retinopathy) or an electrolyte disturbance, bundle branch block, intraventricular conduction disturbance, abnormal Q wave and abnormal ST-T waves were excluded from the study.
SUBJECTS AND METHODS

Subjects
All patients gave informed consent for participation after agreeing with the purpose, methods and significance of the study for which the work was undertaken and its conformation to the Declaration of Helsinki. This study was approved by the Ethics Committee of Fukuoka University (No. 11-04-01).
Resting ECG, blood pressure and anthropometric measurements. An ECG was recorded with a standard resting 12-lead ECG (FCP-7401, Fukuda Denshi, Tokyo, Japan) at a paper speed of 25 mm per seconds after more than 5 min of rest. The QTc interval was automatically calculated according to Bazett's formula (20) (QTc interval5QT interval/square root of R-R interval). In this ECG, the QTc interval measurement was 4 ms of the sampling interval, and was evaluated from the average wave of both extremity and chest leads using the differential threshold methods.
The blood pressure was measured in the left arm with the subject sitting in a chair after more than 5 min of rest, and was expressed as an average of duplicate measurements. The height and body weight were measured, while the body mass index (BMI) was calculated as the ratio of the body weight (kg) to the height squared (m 2 ). The waist circumference was measured at the level of the umbilicus.
Dietary assessment. The nutritional status was assessed using a brief self-administered diet history questionnaire (BDHQ) (21) . The BDHQ is a validated four-page structured questionnaire, which assesses the dietary habits in the period of the preceding month. The BDHQ contains queries about the consumption frequencies of 58 foods and beverages, with specified serving sizes described in terms of the natural portion or the standard weight and volume measurement of servings commonly consumed by the general Japanese population. The BDHQ consists of five sections: (1) the intake frequency of food and nonalcoholic beverage items, (2) the daily intake of rice and miso soup, (3) the frequency of drinking and amount per drink for alcoholic beverages, (4) usual cooking methods and (5) general dietary behavior. The dietary intake of energy and nutrients was estimated using an ad hoc computer algorithm using the 58 foods and beverages included in the BDHQ and the Standard Tables of Food Composition in Japan (22) .
The BDHQ was developed based on a comprehensive version of a validated self-administered diet history questionnaire (DHQ) (23) (24) (25) . According to the validation study of the BDHQ using 16-d dietary records as the gold standard, the personal correlation coefficients for 37 nutrients in 92 Japanese males and 92 Japanese females ranging from 31-76 y of age were 0.50 and 0.62, respectively (21) .
Statistical analysis. The data were expressed as the means6SD. The statistical analysis was performed using the StatView J-5.0 software package (SAS Institute, Cary, NC). The intakes of seven selected nutrients (protein, fat, carbohydrate, sodium, potassium, calcium and magnesium) were evaluated using a factor analysis on the basis of total energy-adjusted intake using a density method (26) . The subjects were divided into three categories, which were defined as equally trisected distributions of the BMI (low, moderate and high groups). The inter-multiple group relationships were determined using a one-way repeated measures analysis of variance (ANOVA) and the Tukey-Kramer method. The linear-by-linear associations were determined using the Jonckheere-Terpstra trend test for continuous variables and Cochran-Armitage trend test for categorical variables. Pearson's simple regression and the stepwise mul- tivariate regression analyses were performed in order to determine the associations of the QTc interval with the nutritional status. A probability value ,0.05 was considered to be statistically significant. Tables 1 and 2 summarize the subjects' characteristics based on the three BMI categories of the elderly male and female individuals. The QTc interval was significantly longer in the low and high BMI groups in comparison to the moderate BMI group in both elderly males and females (p,0.05, respectively). The QT interval was significantly longer in the moderate and high BMI groups in comparison to the low BMI group in both genders (p,0.05, respectively). The R-R interval was significantly shorter, while the heart rate was sig- Fig. 1 . The association of the QTc interval with the total energy, protein, fat and carbohydrate intake calculated by a simple regression analysis in the low, moderate and high BMI groups.
RESULTS
nificantly higher in the high BMI group in comparison to the low and moderate BMI groups in both genders (p,0.05, respectively). The waist circumference was significantly higher in the order of high . moderate . low BMI groups in both elderly males and females (p for trend ,0.05). The total energy intake was significantly higher in the high BMI group in comparison to the low and moderate BMI groups in both genders (p for trend ,0.05). In both elderly males and females, there were no significant differences in the age, cigarette smoking habit, systolic blood pressure, diastolic blood pressure, alcohol, total energy intake per body weight, protein, fat, carbohydrate, sodium, potassium, calcium or magnesium intake among the three BMI groups. Figures 1 and 2 show the association between the QTc interval and the dietary intake (total energy, protein, fat, carbohydrate, sodium, potassium, calcium and magnesium intake), determined by a simple regression analysis in the low, moderate and high BMI groups. In the low BMI group, the QTc interval negatively correlated with the total energy and potassium intake in both genders, and also negatively correlated with the protein, fat and calcium intake in females (p,0.05, respectively). In the moderate BMI group, the QTc interval positively correlated with the total energy, protein and sodium intake in females (p,0.05, respectively). In the high BMI group, the QTc interval positively correlated with the total energy and sodium intake in both genders (p,0.05, respectively). In a stepwise multiple regression analysis, the QTc interval was entered as a dependent variable, while the protein, fat, carbohydrate, sodium, potassium, calcium and magnesium intake were entered as independent variables. In the low BMI group, the QTc interval was independently associated with the potassium intake in both genders (males: 
DISCUSSION
The major finding of this study was that the QTc interval was significantly longer in the low and high BMI groups compared to the moderate BMI group in both genders. In addition, a stepwise multiple regression analysis showed that the QTc interval was independently associated with the potassium intake in the low BMI group and with the sodium intake in the high BMI group in both genders. Our current findings suggest that the relationship of dietary electrolytes with a prolonged QT interval in elderly subjects may differ based on the body mass. However, the association between the nutritional status and the QTc interval had been previously unknown, despite the observation that both weight gain and extreme weight loss influence the incidence of CVD and mortality.
According to our data, the QTc interval was significantly longer in the low BMI group compared to the moderate BMI group; while a stepwise multiple regression analysis showed that the QTc interval was independently associated with the potassium intake in the low BMI group in both genders. Recent studies have demonstrated that a low dietary potassium intake is associated with a significantly higher incidence of CVD and mortality (1-4). In addition, several studies have reported that anorexia nervosa caused a prolonged QTc interval, decreased ventricular mass, systolic dysfunction and sudden cardiac death, and was correlated with a low potassium intake (17, 18) . Facchini et al. (27) demonstrated that anorexia nervosa patients with a prolonged QTc interval were at risk of a significantly higher complication of hypopotassemia.
Our previous cross-sectional study (28) noted that a prolonged QTc interval correlated negatively with a lower aerobic capacity, while it positively correlated with the serum sodium level and negatively correlated with the serum potassium concentration in postmenopausal overweight females. Moreover, Franzoni et al. (29) reported that patients with anorexia nervosa have a greater QT dispersion than normal body weight females, and oral potassium supplementation (two vials of K-Flebo d , per os) for 4 wk led to a significant reduction in the QT interval dispersion. These findings suggest that potassium intake may be important to protect the cardiovascular function in lean subjects. However, the causality between a low potassium intake and a prolonged QTc interval in lean subjects could not be elucidated, because the present study had a cross-sectional design. It has been well known that a prolonged QTc interval is reflected in the dysfunction of the cardiac autonomic nervous system (9), while the cardiac autonomic nervous system is influenced by eating disorders (18) . Therefore, the association between a low potassium intake and prolonged QTc interval in lean subjects might be influenced by the dysfunction of the cardiac autonomic nervous system caused by malnutrition.
On the other hand, the QTc interval was significantly longer in the high BMI group compared to the moderate BMI group. In particular, the R-R interval was significantly shorter, while the heart rate was significantly higher in the high BMI group in comparison to the low and moderate BMI groups in both genders. Previous studies have reported that morbid obesity is also correlated with a prolonged QTc interval (13) . el-Gamal et al. (13) demonstrated the QTc interval is significantly associated with the body mass, and obesity may be one of the most common causes of a prolonged QTc interval. In addition, sympathetic nervous system dysfunction is also known to cause a prolonged QTc interval (7, 10) . Previous studies have reported that morbid obesity also correlates with sympathetic nervous system dysfunction (30) . Furthermore, our stepwise multiple regression analysis showed that the QTc interval was independently associated with the sodium intake in the high BMI group in both genders.
It has been well known that a dietary high sodium intake is also associated with a significantly higher incidence of CVD and mortality (1) (2) (3) 5) . Hoffmann and Cubeddu (31) observed that the dietary sodium intake in free-living subjects was markedly increased in subjects with metabolic syndrome, and the 24 h urinary sodium and potassium excretion was associated with obesity and higher blood pressure. The possible mechanisms underlying the relationship between a high sodium intake and metabolic disorders have been thought to be influenced by inadequate aldosterone suppression and increased mineralocorticoid receptor activation (32, 33) . In addition, our stepwise multiple regression analysis showed that the QTc interval was independently associated with the sodium intake in the moderate BMI group in females. Unfortunately the causality of a sodium intake and prolonged QTc interval in normal body weight females could not be elucidated from the results of present study. However, because the relationship between sodium intake and prolonged QTc interval was similar in normal weight and overweight females, we can envision that this relationship has the same mechanisms for normal weight and overweight females. Therefore, the association between sodium intake and prolonged QTc interval in normal body weight and overweight subjects might be influenced by the sympathetic nervous system and caused by the sodium intake. The current findings suggest that the body mass, especially lean body mass and overweight, were associated with a prolonged QTc interval and dietary electrolytes, and monitoring the dietary electrolyte levels of elderly subjects depending on the body mass may help predict the risk of various cardiovascular diseases.
Study limitations and clinical implications
There are several limitations associated with this study. First, the limited study population included only community-dwelling, independent, elderly subjects. Therefore, it remains unclear whether our findings are consistent for young or middle-aged people, weak elderly subjects, patients with CVD and those with other complications. Second, since the study had a cross-sectional design, it was not possible to clarify the causative role of the nutritional status on the QTc interval. Third, the QTc interval in this study was estimated using Bazett's formula. Furthermore, abnormalities in wall motion, wall thickness and valvular activity, which also influence the QTc interval, could not be evaluated in our subjects. Modalities such as nuclear myocardial perfusion imaging or echocardiography will be needed to perform such studies. Finally, we could not distinguish the risk of sudden cardiac death due to secondary long QT syndrome (e.g. lethal arrhythmia caused by Torsade de pointes and drug-induced long QT syndrome) from other causes of a long QT interval. Moreover, it is unknown how long the nutritional status would need to be altered in order to affect the risk of sudden cardiac death caused by a prolonged QT interval.
However, there is accumulating evidence suggesting that the dietary electrolytes are a sensitive factor that can predict the incidence of CVD and mortality (1) (2) (3) (4) (5) . Moreover, a prolonged QTc interval has been observed to be associated with future sudden cardiac death and CVD (6) (7) (8) . Therefore, the results of the present study showing the link between the dietary electrolyte levels and the QTc interval may confirm the hypothesis that a high sodium intake and a low potassium intake leads to the occurrence of future cardiac sudden death and the incidence of CVD. Based on our results, we consider that it is necessary to perform dietary counseling, especially focusing on the sodium and potassium intake, depending on the body mass. Additional research in a large number of subjects will be required to more precisely clarify the mechanisms, clinical implications and associations between the dietary electrolytes and the QTc interval following diet intervention.
CONCLUSIONS
In this study, the association between the nutritional status and QTc interval was investigated in elderly subjects. As a result, it was found that the QTc interval was significantly longer in the low and high BMI groups compared to the moderate BMI groups in both genders. A stepwise multiple regression analysis showed that the QTc interval was independently associated with the potassium intake in the low BMI group and the sodium intake in the high BMI group in both genders. These results suggest that the body mass, especially lean body mass and overweight, were associated with a prolonged QTc interval and dietary electrolytes in elderly subjects. Based on our results, we consider that it is necessary to perform dietary counseling, especially focusing on the sodium and potassium intake, depending on the body mass.
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